The terms "landscape" and "landscape approach" have been increasingly applied within the international environmental realm, with many international organizations and nongovernmental organizations using landscapes as an area of focus for addressing multiple objectives, usually related to both environmental and social goals. However, despite a wealth of literature on landscapes and landscape approaches, ideas relating to landscape approaches are diverse and often vague, resulting in ambiguous use of the terms. Our aim, therefore, was to examine some of the main characteristics of different landscape approaches, focusing on how these might be applied in the process of taking a landscape approach. Drawing on a review of the literature, we identify and discuss three different kinds of landscape approaches: using the landscape scale, a sectoral landscape approach, and an integrated landscape approach. Focusing on an integrated landscape approach, we examine five concepts to help characterize landscape approaches: multifunctionality, transdisciplinarity, participation, complexity, and sustainability. For each term, a continuum of application exists. To help improve and move the integrated landscape approach more toward operationalization, more focus needs to be placed on the process of taking the approach. Although the process can be implemented in a range of ways, in a more integrated approach it will require explicitly defined objectives as well as a clear understanding of what is meant by multifunctionality and sustainability. It will also require collaborative participation, transdisciplinarity/cross-sectoral approaches, managing for adaptive capacity, and applying an iterative process to address the inherent complexity within the system. Although these concepts are not new, we present continuums on which they can exist, allowing for clarification and distinctions to be made regarding what it means to take a landscape approach.
INTRODUCTION
Taking a landscape approach is becoming a driving paradigm in the international environmental and development community. The concept is being embraced by large environmental nongovernmental organizations (NGOs) such as the World Wildlife Fund, the International Union for the Conservation of Nature, the African Wildlife Foundation, and Conservation International Bottrill 2009, Pfund 2010) ; international research organizations such as the World Agroforestry Centre and the Center for International Forestry Research; and international organizations such as the Food and Agriculture Organization of the United Nations, the World Bank, and the United Nations Environmental Programme. For example, the Convention on Biological Diversity adopted a set of landscape principles to "improve sustainable use of biodiversity in a landscape perspective" (UNEP 2011 :1, Sayer et al. 2013 ). The inaugural Global Landscapes Forum, held alongside the United Nations Framework Convention on Climate Change Conference of Parties 19 in Warsaw, Poland, is further evidence of the growing importance of landscape approaches (CIFOR 2013) .
The desire to holistically balance multiple goals related to both environmental and nonenvironmental processes, for example, livelihoods and sustainable resource management, has brought the focus to the landscape scale. Sectoral approaches for different land-use activities have largely dominated the resource management field, but have not reflected the multisectoral nature of most landscapes, which can include local communities, smallholder farms, protected areas, recreational activities, tourism enterprises, and/or resource industries such as agriculture, forestry, or mining . Therefore, a landscape approach generally tries to capture this additional complexity by viewing the landscape as a mosaic (Sayer 2005 or as multifunctional (Naveh 2001 .
One of the current discourses around landscapes is that integrated approaches are needed to address complex landscape-scale challenges (e.g., Sayer et al. 2013 , Milder et al. 2014 . Some have termed such challenges wicked problems (e.g., Balint et al. 2011 , Sayer et al. 2013 ). Wicked problems can be described as unstructured problems that are hard to characterize and define. They require continuous decision making with no one clear solution, in part because of high levels of uncertainty and complexity, and processes that occur at different scales, involving a range of stakeholders with differing values (Rittel and Webber 1973 , Weber and Khademian 2008 , Balint et al. 2011 . With an increasingly complex globalized world facing significant wicked environmental challenges, including climate change and feeding a growing global population, sustainably managing natural resources is as pertinent as ever. The landscape provides a scale for management that allows for a holistic view of the competing land-use interests and an understanding of inherent trade-offs within the system to better achieve multiple objectives connecting the local to the global.
Literature about landscape approaches is largely interdisciplinary, drawing on a wide range of concepts. These concepts draw on ideas from many research areas, such as landscape ecology , biodiversity conservation , sustainability (Gómez-Sal http://www.ecologyandsociety.org/vol20/iss1/art24/ et al. 2003 , ecosystem services (Sayer 2005 , social sciences , Field et al. 2003 , and complexity science (Naveh 2001, Parrott and . However, despite the wealth of literature, with an increased rate of publications over the past decade ( Fig. 1) and widespread international interest, what the landscape approach means in complex social-ecological systems is subject to a wide range of differing interpretations. This has led to what Sayer et al. (2013) describe as "constructive ambiguity," meaning that the general interpretation of the concept is appealing and widely used, but with no consensus about the details of what the term implies and represents, particularly in practice. First looking at the terms "landscape" and "landscape approach," we make a distinction between three different types of landscape approaches. Focusing on what is termed an integrated landscape approach (ILA), we discuss what might be involved in the process of taking an ILA by drawing on a review of the literature and examining five concepts related to landscape approaches. Our aim was to further characterize some of the main concepts related to landscape approaches, making distinctions in the ways they can be applied in practice by focusing on the process of taking an ILA. Through such discussion, nuances in the way landscape approaches are described and interpreted are highlighted, adding to the conversation around what it means to take a landscape approach.
DEFINING LANDSCAPES AND LANDSCAPE APPROACHES

Landscapes
The word "landscape" existed prior to AD 1000 in its Old English form, landscipe, representing a region or extent of territory (James 1934) . Since this time, many interpretations have been volunteered and applied. Both James (1934) and Vance (1929) discuss the natural and cultural dimensions of the landscape, with Vance also discussing the economic dimension. However, within the literature, these dimensions often are discussed separately and sometimes are framed as different landscapes entirely. Drawing strongly on the geography discipline, the concept of the cultural landscape was first defined in the 1890s (Jones 2003 , as cited in Wu 2010 , emerging in English-speaking countries in the 1920s , Wu 2010 . However, despite its early emergence as a concept, it has not gained strong dominance in the current discourse around landscape approaches, especially when compared with more ecologically based or integrated concepts .
In comparison, the development of landscape ecology has provided the basis of many of the current ideas and discourses around landscape approach thinking. Coined in 1939 by a German geographer, Carl Troll, landscape ecology started to develop as an emerging discipline in the 1980s (Forman 1995a, Wu and . Two traditions or schools of landscape ecology, the European tradition and the North American tradition , Turner 2005 , Wu 2006 ), distinguished themselves as the discipline developed, although they overlap at many points and the discipline now is largely a merger of the two (Wu 2013a) . The European tradition is anthropogenic-centric and takes a more holistic approach, initially drawing strongly on concepts from planning , Turner 2005 , Wu 2006 ; e.g., see Naveh and Lieberman 1984) . In contrast, the North American school, including work from Australia, is more analytical, focusing on bioecological processes , Turner 2005 , Wu 2006 ). The work of the North American school is based largely on theories examining spatial patterns and ecological processes within the landscape, including the concepts of metapopulations, patch dynamics, and biological corridors, to name a few (Forman 1995a ).
In two seminal books, a landscape is described as a land mosaic composed of spatial elements and ecological units defined by both structure and function, making up a matrix of patches (Forman and Godron 1981 , 1986 , Forman 1995b . Based on an ecological framing, Lindenmayer et al. (2008) state that a landscape can be classified by its structural attributes, habitat for a particular species, and functional attributes of landscape processes. In contrast, taking a holistic approach, describe five dimensions of a landscape: (1) a spatial entity, (2) a mental entity, (3) a temporal dimension, (4) a nexus of nature and climate, and (5) a complex system. Along the same lines, Naveh (2001:269) describes multifunctional landscapes as "tangible, mixed natural and cultural interacting systems."
Many other diverse definitions have also been volunteered. Farina (2000:313) provides a description of cultural landscapes as "geographic areas in which the relations between human activity and the environment have created ecological, socioecononomic, and cultural patterns and feedback mechanisms that govern the presence, distribution, and abundance of species assemblages." In contrast the commonly cited Council of Europe's definition describes a landscape as "an area, as perceived by people, whose character is the result of the action and interaction of natural and/or human factors" (Council of Europe 2000:3). Physically, some have suggested defining landscapes at the regional scale Table 1 . Three different kinds of landscape approaches. The focus in this paper is placed on the third, the integrated landscape approach (ILA).
Using the landscape scale
Sectoral landscape approach Integrated landscape approach (ILA)
Purpose/Approach Aim is to understand patterns and processes at the landscape scale.
Approaches the landscape with one (to a few) primary goal(s) driving the approach. Can include secondary objectives.
Framed around multifunctionality and driven by participatory transdisciplinary/cross-sectoral processes.
Process of the Approach
Uses the landscape as a scale of inquiry. Does not include interdisciplinary or participatory processes.
Tends to use integrative vs collaborative participatory processes. † Uses transparent collaborative participatory processes to determine change logic and/or clarify objectives.
Examples
Ecological management design; informing research design (e.g., Johnston et al. 1990 , Viaud et al. 2004 ).
Primarily conservation driven approaches (e.g., Sayer 2009); watershed management; private sector approaches for improving supply chain efficiency (e.g., Kissinger et al. 2013) .
Adaptive collaborative management approach at the landscape scale (e.g., Duff et al. 2009 ); integrated landscape initiatives (Milder et al. 2014) . † See Duff et al. (2009) and the Participation section for distinction between integrative and collaborative participation. or encompassing an area of 1 hectare to 10,000 km² , Angelstam et al. 2013 , Milder et al. 2014 . Angelstam et al. (2013) outlines four categories of landscape interpretations: (1) the biophysical, viewing the landscape as only a natural phenomenon;
(2) the anthropogenic, seeing the landscape as nature, but with some human constructions; (3) the intangible, with the landscape based on individual or social perceptions or interpretations; and (4) the coupled socialecological or integrated interpretation, viewing the landscape as a totality including natural, human, and spiritual dimensions. There has been a move toward the last interpretation in some scholarly work, although the spiritual dimension is often omitted (e.g., Naveh 2001 , b, Pijanoski et al. 2010 ).
This last integrated interpretation is the foundation for the conception of the landscape that we used. Both Sayer et al. (2013) and Milder et al. (2014) provide integrated definitions of a landscape, although their definitions vary from each other. In both cases, they state that to a large extent the landscape is context defined. Therefore, in the context of this paper a landscape can be defined as a complex social-ecological system, usually made up of a mosaic of different land uses. The boundaries of the landscape can either be discrete, for example, administrative boundaries, or fuzzy, for example, based on ecological units and/ or the extent of community activities resulting in a lack of a clear delineated boundary. In some cases there can also be multiple overlapping boundaries related to both social and ecological dimensions. The landscape itself will be largely context dependent, relating directly to the specific objectives outlined in the approach and their corresponding relevant spatial extent. Finally it should be added that in combining both social and ecological dimensions, spatially explicit patterns and processes and heterogeneity remain key defining characteristics of landscapes (Turner 1989, Pickett and Cadenasso 1995) and landscape approaches.
Landscape approaches
Just as there are many varying definitions and interpretations of landscapes, the term "landscape approach" also has been widely applied. For example, an Ecoagriculture Policy Focus brief provides a list of 80 terms related to integrated land management, many of which can be synonymous or overlap with the concept of a landscape approach (Scherr et al. 2013 Despite its wide application, clear definitions of what a landscape approach specifically means in practice are often lacking or vary across applied initiatives such as the ones listed in the previous paragraph. Drawing again on an integrated definition of a landscape, a landscape approach can generally be described as (1) addressing social-ecological systems at the landscape scale, (2) related to resource management and/or environmental goals, and (3) framed around the concept of multifunctionality, with the aim of achieving multiple objectives through the approach. Table 1 provides three different categories of landscape approaches. We Table 2 . Three different framings of landscapes/landscape approaches in the literature.
Different Framings Description
Conceptual Framework -Landscape -Landscape Approach Can be designed for the landscape itself or a landscape approach. Theoretically outlines the different components that constitute either the landscape or the landscape approach. Theoretically oriented.
Principles -Landscape Approach
A set of principles or guidelines that a landscape approach should encompass, but does not specifically outline the exact process and can be generalized to fit a range of different contexts. Applied and/or theoretical.
Process -Landscape Approach
A set of specific steps that the landscape approach should follow, e.g., conservation planning. Determined by the context including driving objectives and relevant stakeholders. Will be subjective depending on context. Application oriented.
focused predominantly on the third, the ILA, and how different concepts relate to the actual process of an ILA.
Although any organization applying a landscape approach probably will not describe it as simply using the landscape scale or taking a sectoral landscape approach, in practice these methods do occur sometimes under the auspices of an ILA. Although not comprehensive of all the different ways landscape approaches can be applied, using the landscape scale, a sectoral landscape approach, and an ILA are examples of different ways the term "landscape approach" can be applied and what it can encompass. The ILA is the most comprehensive and holistic of the three. On that basis, it might seem to be the most ideal, but the ILA may not always be possible if the commitment and capacity needed to effectively implement it are lacking. It is important to distinguish the ways in which the term "landscape" is used in each specific context to help make distinctions between different kinds of initiatives all categorizing themselves as a landscape approach or an ILA.
Similarly in the literature, researchers also focus on different dimensions of landscape approaches. Here we have broken these into three main categories or framings: conceptual frameworks for the landscape and/or landscape approach (e.g., Tress and Tress 2001, Pearson and ; a set of principles or guidelines for taking a landscape approach (e.g., Naveh 2001 , Sayer et al. 2013 ; and a description of the process of taking a landscape approach (e.g., Duff et al. 2009 , Lovell and Johnston 2009 ; Table 2 ). Although these categories are not necessarily mutually exclusive, many articles focus on the former two, with less focus placed on the process of a landscape approach. Usually when landscape approaches are discussed in the literature, such distinctions are not made, but through our review of the literature these different framings were observed. The purpose of disaggregating them here is to demonstrate that all of these framings are important for taking a landscape approach, but in general less emphasis is placed on the actual process of taking a landscape approach within the literature. Therefore, we explore what might be involved in the process of taking an ILA by discussing five main characterizing concepts for landscape approaches.
FIVE CHARACTERIZING CONCEPTS FOR AN INTEGRATED LANDSCAPE APPROACH
To identify a main set of characterizing concepts of landscape approaches, we drew on a structured review of the literature and two articles. The structured review focused on papers that provided either (1) guidelines, principles, and/or lesson learned for landscape approaches and/or (2) a conceptual framework for landscape-scale approaches addressing some aspect of resource management, both within the context of social-ecological landscapes, excluding purely ecologically based or social-based approaches (see Appendix 1 for a detailed description of the methods). These papers represented a range of theories and conceptual framings of landscape approaches. Drawing on 6 cross-cutting concepts identified across the 43 articles reviewed, combined with other principles/characteristics derived from both expert insight (Sayer et al. 2013 ) and a review of applied case studies (Milder et al. 2014) , we selected five main concepts. The review and the two articles are complementary. The review drew on different theories about landscape approaches; the first article reflected expert opinion; and the second article discussed landscape approaches in practice. Therefore, they broadly represent the convergence between the different ways of thinking about landscapes. We discuss the five concepts in the context of the process of taking an ILA.
Although it could be argued that Sayer et al. (2013) provides a more comprehensive list of principles or concepts to guide landscape approaches than the concepts chosen to be discussed here, we provide additional, different material that constructively contributes to the discussion. By focusing on more general concepts and highlighting the continuums in which each can be applied, we present additional considerations and distinctions for applying these concepts in practice. Table 3 provides a summary of the different concepts identified in the literature review and two selected articles. Figure 2 provides a simplified comparison; the five concepts we selected for discussion are boldfaced. Multifunctionality, interdisciplinairty, participation, and complexity were chosen because they appear in two or three of the comparative works: the review and the two articles. Sustainability was included because in the literature review we observed that it was a term commonly included in either articles' titles and/or objectives, but often was not clearly defined. If sustainability is a potential goal of ILAs, what is meant by the term needs to be clearly defined to be achievable. For this reason, we included sustainabilty as one of the five concepts. Some discussion of the other nonboldfaced terms in Figure 2 is also included under the main five concepts. Table 3 . Summary of the main concepts for landscapes approaches (or initiatives) identified in our review of the literature, Sayer et al. (2013) , and Milder et al. (2014) . Bolded concepts are the main ones identified for comparison ( Fig. 2) .
A Review of the Literature (Our review) Expert Insight (Sayer et al. 2013) Case Studies (Milder et al. 2014) We conducted a structured review of the literature selecting 43 articles (see Appendix 1 for methods). Although we reviewed a limited number of articles compared to the extensive literature that exists, the review focused specifically on articles that were addressing both environmental and social objectives and providing a conceptual framework or set of principles/guidelines. These articles represent more theoretical/characterization literature explicitly framed around social-ecological landscape approaches.
The top six cross-cutting concepts identified across the articles include: (1) complexity (81%), (2) interdisciplinarity or transdisciplinarity (71%), (3) sustainability (71%), (4) participation (64%), (5) tradeoffs (45%), and (6) holism (45%; % values represent the percent of articles in the review in which the concept was found present).
Based upon both a review of the literature and expert insight, Sayer et al. (2013:8349) provide "Ten principles for a landscape approach to reconciling agriculture, conservation, and other competing land uses." These include:
1. Continual learning and adaptive management † 2. Common concern entry point 3. Milder et al. (2014:70) reviewed 87 case studies in Africa of what they term, integrated landscape initiatives. They define an integrated landscape initiative as a "...project, program, platform, initiative, or set of activities that:
(1) explicitly seeks to improve food production, biodiversity or ecosystem conservation, and rural livelihoods;
(2) works at a landscape scale and includes deliberate planning, policy, management, or support activities at this scale;
(3) involves inter-sectoral coordination or alignment of activities, policies, or investments at the level of ministries, local government entities, farmer and community organizations, NGOs, donors, and/or the private sector; and (4) is highly participatory, supporting adaptive, collaborative management within a social learning framework."
The above points are interpreted to represent the following concepts: (1) multifunctionality;
(2) addressing the landscape scale;
(3) interdisciplinarity/cross-sectoral approaches; and (4) participation. Table 3 . The five concepts in bold are the focus of discussion in this paper.
Fig. 2. Summary of main concepts identified in
Multifunctionality
Multifunctionality can be described as achieving multiple objectives or functions at the same time. Multifunctionality in the context of landscape approaches is reflected by the multiple objectives of an ILA. These objectives are paramount because they largely define the landscape and the landscape approach. Furthermore, part of the rationale for taking a more systemsoriented view and using the landscape scale in landscape approaches is to be able to more effectively achieve multifunctionality by better recognizing and addressing both synergies and trade-offs.
One of the pitfalls of past integrated approaches has been not being able to effectively achieve multifunctionality or win-win goals (Tallis et al. 2008 , McShane et al. 2011 . Although sounding ideal, achieving win-win goals in practice has been challenging and an exception rather than then norm (Wells and McShane 2004, Tallis et al. 2008 ). In the context of biodiversity conservation and human well-being, McShane et al. (2011) describes meeting these dual objectives to be more about hard choices than win-win outcomes. Therefore, one of the challenges of ILAs is to go beyond past integrated approaches such as Integrated Conservation Development Projects, Integrated Natural Resource Management, Integrated Rural Development, and Integrated Water Resources Management. Instead of assuming win-win outcomes, ILAs should frame realistic objectives while recognizing trade-offs to be able to achieve multifunctionality within landscapes.
Ecology and Society 20(1): 24 http://www.ecologyandsociety.org/vol20/iss1/art24/ These objectives may include a set of both primary and secondary objectives. The primary objectives drive the ILA and inform its design, with the secondary objectives factored in but not treated as driving priorities. For example, Harvey et al. (2013) focus on the synergies between two primary objectives, climate change mitigation and climate change adaptation. They also mention possible secondary objectives: food security, biodiversity conservation, and poverty alleviation. Similarly DeFries and Rosenzweig (2010:19631) focus on achieving both climate change mitigation and increasing food production, with mention of the possible secondary objectives of "biodiversity conservation, watershed protection, ecosystem services, and social and cultural aspects." As part of this process, it can prove constructive to address the four points highlighted by Mastrangelo et al. (2014) , who examined landscape multifunctionality from the ecosystem services perspective. These are "(i) the multifunctionality of what ..., (ii) the type of multifunctionality ..., (iii) the procedure of multifunctionality assessments, and (iv) the purpose of multifunctionality" (Mastrangelo et al. 2014:345) . Clarifying each of these points in an ILA will help to both guide the process delineating pathways of change and increase the chance of achieving the multiple objectives.
Part of the process will also require some form of participation to engage relevant stakeholders both within and outside the landscape. One way to engage stakeholders is through a commonconcern point of entry, which may involve first choosing an "easyto-reach intermediate target" to facilitate engagement and to start building trust through shared learning processes (Sayer et al. 2013:8351) . Once engagement and a certain level of trust between stakeholders have been achieved, the focus can shift to working toward the primary objectives. This process can also be used to help define communal objectives among stakeholders (Stringer et al. 2006 ).
Interdisciplinarity and transdisciplinarity
One of the rationales for taking a landscape approach is to go beyond sectoral approaches to be able to better address multiple objectives within complex systems/landscapes. Though not synonymous, cross-sectoral approaches and interdisciplinary or transdisciplinary approaches engage stakeholders with different worldviews/expertise to achieve multifunctionality. Interdisciplinary approaches focus more on linking different research disciplines together; cross-sectoral approaches are based on multistakeholder processes relating more to practice. We link the two using Lattuca's (2003) continuum of interdisciplinarity as a basis. Table  4 outlines the kinds of research questions associated with each of the four different kinds of interdisciplinarity described by Lattuca (2003) and links them to cross-sectoral concepts within landscape approaches.
Here, we focus on transdisciplinarity because collaborative integrated approaches are needed to address complex landscapes. In our literature review, the papers that came closest to a transdisciplinary approach were those that focused on the management and/or the planning process itself. In these instances many stakeholders had to be involved in the process in order to, for example, review and assess different future landscape scenarios , manage conflicting land values and land uses ), or determine the most appropriate estuary-based enterprise activities in local communities (Bowd et al. 2012 ).
The process of transdisciplinarity could then follow two main trajectories: a research approach or a planning/management approach. Cross-sectoral approaches will likely involve some level of planning and engagement of stakeholders from different sectors both within and outside the landscape. For research-led approaches, this will involve action research, i.e., doing research across disciplines while at the same time working toward implementation of specific development objectives . The stakeholder or actor leading the approach will likely determine the kind of approach and the level of research involved. Furthermore, many argue that participatory approaches are needed to effectively address interdisciplinarity/transdisciplinarity to be inclusive of the multiple dimensions and interactions at the landscape scale (e.g., Sayer 2005 . Tools that can be used to help reconcile trade-offs include drawing on modeled scenarios and visioning future potential landscapes , Potschin and Haines-Young 2006 .
Participation
Participation, the only concept present across both articles and the review (Fig. 2) , is directly aligned with the process of an ILA. However, although often quoted in a range of literature related to resource management, what participation looks like, who is involved, and what kind of processes should be applied are not often specified (Stringer et al. 2006) . Some of the different kinds of participation include consultation, i.e., collecting information from targeted actors/stakeholders about their views on predetermined issues; engagement, which can be a form of consultation or bringing multiple actors together in a dialogue; social learning, i.e., opportunities for exchange of information and learning between stakeholders; and devolution, i.e., participants are given decision-making power. These kinds of participation can be integrated at different stages in planning and/ or management processes, e.g., defining objectives/management problems, planning, and monitoring (Stringer et al. 2006 ). Duff et al. (2009) make a distinction between the kinds of participation to be facilitated. They advocate for collaborative participation that engages all stakeholders on equal levels instead of individually bringing their contributions to the table, i.e., an integrative approach, to avoid the disempowerment of alreadymarginalized stakeholders. Therefore, the process of participation has many implications for social power that need to be directly considered when designing and implementing participatory processes. Promoting social learning is one potential tool to reduce power dynamics between stakeholders. Within adaptive management cycles, Stringer et al. (2006) found that to promote social learning, participatory processed are needed that are iterative and flexible, promoting two-way flows of information and communication both across horizontal scales, e.g. across stakeholder groups, and vertical scales, e.g. across institutional levels. Although it does not necessarily make everyone agree on a shared set of values, social learning does have the potential to allow stakeholders to better understand each other's point of view and be more willing to work toward a more favorable outcome Private sector approaches to reduce risk by making their value chains more efficient, focusing on their specific commodity but considering other influencing factors at the landscape scale (e.g., Kissinger et al. 2013 ).
Synthetic Interdisciplinarity
Questions that link disciplines Approaches that link sectors with multiple sector-based objectives
Approaches with primary objectives such as water provision and maintaining biological corridors that recognizes other dimensions in the landscapes, such as farmer's activities, but only addresses these dimensions to the extent that they impact the outcomes of the driving objectives (e.g., ). Transdisciplinarity
Questions that cross disciplines Cross-sectoral approaches addressing cross-sectoral objectives using multistakeholder/ participatory processes Looking for synergistic adaption and mitigation options (primary objectives) across a range of land uses with impacts for water supply, food production, livelihoods, and biodiversity (relating to secondary objectives) with varying stakeholder interests (e.g., Harvey et al. 2013 ).
Conceptual Interdisciplinarity
Questions without a compelling disciplinary basis
Collaborative approach defining objectives through the process itself without a specific initial framing Envisioning future scenarios in a landscape through participatory processes with stakeholders determining which projection they would like to follow (e.g., for all (Stringer et al. 2006) . Integrating both local and/or indigenous and scientific knowledge can also greatly contribute to this process.
Challenges for using participatory processes include (1) they will have to be to some extent context defined, with different possible kinds of participation at different stages in the management/ planning process, i.e., there can be no specific, formulaic guidelines for participation in an ILA; and (2) they will often need a specific set of enabling factors to allow for effective participation. Potential enabling factors include the presence or creation of a neutral facilitator and/or boundary institutions that stakeholders can trust to facilitate participatory processes, and sufficient funds over a long enough time frame to support both the management/planning and participatory activities. There will also need to be significant buy-in from major stakeholders involved. If certain stakeholders choose to exercise a disproportionate amount of power to advance their interests, then such participatory and collaborative management processes may not be possible. First, the majority of relevant stakeholders will need to have a basic level of interest and willingness to engage. Having a common-concern entry point as described by Sayer et al. (2013) could help to assist in this process.
For effective participatory process in an ILA, it is important to define what participation means in the specific context.
Answering the following questions can assist in this process: where, i.e., in what stage of the ILA; how, i.e., what kind of participatory activities; and for whom, i.e., who is to be involved and why, including considerations of social power dynamics. Including both collaborative processes and social learning could greatly strengthen management outcomes as long as the capacity to implement such processes is present.
Complexity
Landscapes can be described as complex social-ecological systems made up of a range of different processes occurring on different scales. Seeing the landscape as an emergent whole instead of the sum of its parts is part of the holism versus reductionism debate within systems-thinking literature (Wu and Loucks 1995 , Jackson 2006 , Zexian and Xuhui 2010 . However, holism and reductionism are not necessarily mutually exclusive, and as Jackson (2006) states, both can be used complementarily. Looking at a landscape does require taking a holistic view while at the same time addressing the specific parts that make up the whole. The emergent patterns and processes making up the whole within a landscape are part of the inherent complexity of such systems.
The interactions within and between social and ecological systems create a number of patterns and processes at the landscape scale. In large part, these are defined by the spatially heterogeneity of the landscape, which is usually made up a number of different http://www.ecologyandsociety.org/vol20/iss1/art24/ land uses and land cover types. The way that the different units within the landscape are arranged and managed has huge implications for emergent landscape properties. For example, creating buffer zones and biological and/or wildlife corridors can greatly enhance biodiversity and ecosystem functioning within a landscape, the lack of which can have isolating and detrimental effects. Therefore, being able to understand such spatially explicit patterns and processes is a key part of being able to address drivers of change and manage complexity.
Drawing on concepts from complexity science, present five succinct recommendations to address complex landscape systems: (1) work with a conceptual model of the landscape as a complex system; (2) understand and document emergent patterns and processes by monitoring the landscape at multiple spatial and temporal scales; (3) build and maintain adaptive capacity to buffer against change; (4) take advantage of the system's internal memory, i.e., mimic natural processes; and (5) work with envelopes of possibilities and alternative futures.
These recommendations are strongly linked to Panarchy theory, which outlines a framework for understanding and interpreting complex social-ecological systems (Holling 2001, Gunderson and Holling 2002) . According to this theory, in dynamic, uncertain systems overall adaptive capacity can be promoted by strengthening three general areas: potential, i.e., the "wealth" of the system, which can allow for change; connectedness, i.e., controllability of the system, which determines flexibility or rigidity of connectedness; and resilience, i.e., the adaptive capacity or measure of vulnerability. Adaptive capacity combined with opportunities will then foster the environment for holistic sustainable development, the basis for third recommendation. This will also, according to Jackson et al. (2010) , allow for "sustainagility" versus other more mainstream conceptions of sustainability; see the Sustainability section.
In the process of the landscape approach, specific primary objectives will require looking at specific parts of the landscape, e.g., forested areas and/or agricultural production areas. At the same time, the emergent whole also needs to be assessed to effectively address drivers within the landscape. For example, in the case of addressing deforestation, it has been recognized that most of the drivers of deforestation occur outside of the forest area (Geist and Lambin 2002, Hosonuma et al. 2012) , thereby requiring a more holistic approach encompassing a larger scale to effectively address such drivers instead of focusing solely on the forest alone (Bernard et al. 2013) .
To be able to address drivers in the landscape, levers of change will need to be identified by understanding the parts that make up the whole, the interactions between the parts, and the emergent whole. See conceptual diagram of a complex social-ecological system. Part of this will include understanding both spatially explicit patterns and processes within the landscape. In this process both adaptive flexibility and a certain level of structure are needed. In a review of four NGOs' conservation activities, found that although all NGOs had varying approaches, systematic methods had significant benefits in the planning process. At the same time, it will be essential to respond to change through an iterative process. Concepts such as action research , O'Farrell and Anderson 2010), social learning , Stringer et al. 2006 , and adaptive management have been suggested as tools to foster such an approach. Sayer et al. 's (2013) sixth principle, having a negotiated and transparent change logic involving a theory of change, i.e., a logic model of how to get from point A to point B or how to instigate desired change within the system over a specified period of time, can be one potential tool to balance both a structured approach and "muddling through " (Sayer et al. , 2013 . This change logic ideally will be developed and agreed on by all stakeholders involved in the process.
Sustainability
The terms "sustainability" and "sustainable landscapes" are widely applied. Wu (2013b) provides a comprehensive summary of five types of sustainability in the context of landscapes: the Brundtland definition, the triple bottom line, weak versus strong sustainability, human well-being, and ecosystem services. Here we draw on some of these concepts focusing on an adaptive approach to sustainability.
In the range of interpretations of sustainability, Robinson (2004) points to two main distinctions: sustainability and sustainable development. Both of these terms can be related to the Brundtland Commission's definition of sustainability: "meets the needs of current generations without compromising the ability of future generation to meet their own needs"(World Commission on Environment and Development 1987:23). According to Robinson (2004:370) , sustainability focuses on "the ability of humans to continue to live within environmental constraints," whereas sustainable development focuses on the radical message of the Commission: the environment cannot be addressed without simultaneously addressing social conditions requiring growth to improve livelihoods. The definition of sustainable development has been embraced in economic policy and recognized as a dominant definition of sustainability within government and the private sector (Pearce 2002) . This notion has been extended as a founding theoretical framework for many international development initiatives, with a focus on integrating social, environmental, and economic dimensions to reach development goals (e.g., World Bank 2001; Division for Sustainable Development, United Nations Department of Economic and Social Affairs, http://sustainabledevelopment.un.org/about. html). Since then many models of sustainability have been created (see Wu 2013b); one of the better known ones is the sustainability stool resting on three legs: social, economic, and environmental (Robinson 2004 ), a.k.a., the triple bottom line (Wu 2013b ).
Both and Jackson et al. (2010) state that these interpretations of sustainability do not account for the dynamic nature of social-ecological systems. found that natural and human capital-based landscape approaches are too economically driven to foster strong sustainability operating within environmental limits versus weak sustainability, focusing on sustainable growth without recognizing environmental limits; see Ekins et al. (2003) and Wu (2013b) for further discussion. On the other hand, the preservation of landscape qualities indicates that the landscape usually is being addressed in parts, not as an integrated whole. To have a truly holistic approach for landscape sustainability, emergent properties and landscape states need to Table 5 . Continuums for each of the five concepts discussed. Some are more developed than others, for example Lattuca's (2003) continuum for interdisciplinarity vs the rough comparison for complexity, but the overall objective of this table is to demonstrate the range of application for each of the concepts. In an integrated landscape approach (ILA), ideally more of these concepts will be engaged toward the right end of the be managed as changing, nonstatic entities. Jackson et al. (2010) draw on similar concepts framing the idea of "sustainagility," which emphasizes the need to manage for adaptive capacity and not just persistence of current trajectories. Following these arguments, systems will have to adapt functions to changing conditions for healthy ecosystems to be truly sustainable. This process will involve considering trade-offs at multiple scales.
Similar sentiments are discussed by Wu (2013b Wu ( :1013 , who describes a working definition of landscape sustainability as "the capacity of a landscape to consistently provide long-term, landscape-specific ecosystem services essential for maintaining and improving human well-being in a regional context and despite environmental and sociocultural changes." Part of this process involves strengthening resilience and reducing vulnerability.
In the process of a landscape approach, what is meant by sustainability should be explicitly stated, especially if included as either a primary or a secondary objective. It is essential to address the questions of what is being sustained, why it is being sustained, and at what scales it is being sustained. Adaptive management, an iterative process of treating policies and interventions like experiments and using outcomes to inform future decisions (Holling 1978 , Walters 1986 , can be used to facilitate adaptive capacity to help manage for "sustainagility," with the idea that this will create stronger outcomes that meet multifunctionality objectives.
OPERATIONALIZING THE INTEGRATED LANDSCAPE APPROACH
In the process of taking an ILA, there is a need to balance both structure and adaptive flexibility. The overarching goal is to create multifunctionality, but beyond this, landscape approaches will be largely context dependent. When comparing the different kinds of landscape approaches in Table 2 , the ILA is the most comprehensive, with the strongest focus on achieving mulitfunctionality as part of its objectives. However, it is also the most demanding regarding the process, requiring engagement across disciplines and/or sectors, as well as the facilitation of collaborative participatory processes. Furthermore, because it is in part context dependent, there is no one clear road map for how to take an ILA.
Despite this, the discussion of the five previously outlined concepts highlights some of the considerations that need to be made in the ILA process. To start, objectives need to be clearly defined in such a way that they are both achievable and measureable. This will likely involve both primary and secondary objectives. Achievement of multifunctionality will then involve compromise and a certain number of trade-offs. Identifying levers to address drivers within the landscape to create favorable change will be part of this process. Using transdisciplinary or crosssectoral approaches can allow integrated thinking and collaboration to occur and can help to minimize the number of trade-offs. Participatory approaches will be a key part of the process, but exactly what kind of participation will be largely context dependent. Processes that involve collaborative engagement and social learning, and reduce potential marginalization of stakeholders by accounting for social power dynamics are ideal. For complexity and sustainability, using an adaptive management approach to promote both adaptive capacity and "sustainagility" will help to encompass and address a certain level of complexity while also more effectively addressing sustainability. Lastly, if sustainability is included as an objective, it needs to be clearly defined.
Although these concepts sound theoretically appealing, applying them in practice will be challenging. In some cases, an ILA will not always be realistic; instead, a sectoral landscape approach (see Table 2 ) may be more appropriate based on the resources and capacity present. Either way, when taking a landscape approach, the extent to which it is integrated should be examined. When applying the five concepts discussed, a continuum of application for each exists (Table 5 ). Engaging in processes toward the right side of the spectrum is ideal, promoting more integration within the approach, but again this engagement may be limited by resources and capacity.
If taking an ILA, having both a structured conceptual framework of the landscape and landscape approach as well as a "negotiated and transparent change logic" (Sayer et al. 2013:8351) or theory of change can help to provide structure for the approach, while including iterative, adaptive processes within this structured design to allow for a certain level of learning by doing or muddling through. Seeing the landscape as a complex system such as outlined by is one potential conceptual framework that can be applied.
More research is needed using indicators to monitor and evaluate both the processes and outcomes of sectoral landscape approaches and ILAs, focusing specifically on the degree to which multifunctionality has been achieved. Furthermore, more attention needs to be paid to participatory and transdisciplinary/ cross-sectoral approaches to better understand how these processes can shape and define the ILA in practice; detailed cases studies of these approaches are needed.
CONCLUSION
The application of a landscape approach can widely vary in its focus, approach, and what it encompasses. Although sometimes a more sectoral landscape approach may be the most realistic choice because of limitations in capacity, the ILA holds much more potential to effectively address multiple objectives and in some cases wicked problems. To successfully achieve the desired multifunctionality in a landscape approach, more attention needs to be paid to how the process of taking an ILA is both designed and implemented. As part of this process, a continuum of application exists for five of the characterizing concepts: multifunctionality, transdisciplinarity, participation, complexity, and sustainability. To move toward a truly integrated landscape approach, the nuances of application for each of these concepts need to be examined and accounted for.
Although there is still much more to be learned through actual application of such processes, the first step is recognizing the multiple dimensions of each of these concepts and how different levels of application of each can lead to very different outcomes, all under the same auspices of taking a landscape approach. More effort and attention are needed to move toward operationalizing truly integrated landscape approaches in practice. A structured literature review was conducted to examine how landscape approaches are discussed in the literature, specifically focusing on conceptual frameworks and explicitly defined landscape approaches. Three main search terms were used in the Web of Science and Google Scholar search sites to identify articles selecting only articles providing some form of landscape-scale approach for resource management, which included both human and natural systems ( Figure 2) . The fourth set of search terms was only queried in Web of Science, as Google Scholar didn't provide very relevant results.
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A range of different complications of search terms were preliminarily tested before coming up with the final set of three which were found to provide the most relevant results. Some sets of terms initially tested included: whole AND landscape* AND approach; integrated AND landscape* AND management; "landscape mosaic" AND livelihood*; "landscape mosaics" AND livelihood*; "landscape approach" AND livelihood* AND "case study"; ecosystem* service* approach*.
Google Scholar and Web of Science were chosen as the two search sites after reviewing a range of relevant search databases including: AGRICOLA, CAB Direct, FAO, Academic Search Complete, BIOSIS preview, AgEcon Search, Environmental Sciences and Pollution Management, Social Sciences in Forestry. Web of Science returned more specific results drawing from high impact, cross-disciplinary, international research complemented by Google Scholar providing a much broader inventory of research to ensure any important relevant articles were not missed. The first one hundred hits, sorted by relevance, for each set of search terms were reviewed. Articles were initially screened based upon their title and abstract (first selection), and then further screened based upon content in the text (second selection) ( Figure A1 .1).
Originally three categories of articles were screened for. This included: 1) landscape approaches or analyses which provided some level of insight into taking a landscapescaled approach including lessons learned from management activities or a set of suggested key principles; 2) conceptual frameworks for landscape-scale approaches addressing some aspect of resource management; and 3) case studies of resource management activities implemented at a landscape scale. The last category was dropped from the study design before analysis of the articles as it was originally included for a separate analysis that was determined beyond the scope of the study after obtaining search results. Additionally a limited number of papers that identified areas for further research or research priorities related to landscape-scale resource management were included as deemed highly relevant. A total of 23 articles were selected from the literature review to be included in the analysis. After all 23 articles were read in detail other relevant citations were noted and these articles were also reviewed. 20 additional papers were added to the analysis using this snowballing method resulting in a total of 43 articles ( Figure A1 .1). Figure A1 .1 Diagram of the article selection process with the four sets of search terms, the number of hits returned from the two search sites and the number of articles selected at each stage of the process. The second and third sets of search terms contain the word 'livelihood', chosen to help find articles that included human systems as stipulated in the inclusion criteria.
The papers included in the review each provided a set of guidelines, principles or recommendations. These were developed for four different overarching objectives: to inform and further develop landscape research (e.g., , to improve landscape-scale planning processes (e.g., , Gomez-Sal et al. 2003 , Pressy and Bottrill 2009 , to guide landscape management (e.g., Wyborn 2009 ) and to provide an alternative conceptual design of a landscape (e.g., Field et al. 2003 , Naveh 2001 ). Different categories of information extracted from the papers, such as the definition/interpretation of landscape, were examined individually and then compared across papers to identify convergences and divergences between them. The top six crosscutting concepts indentified are as follows: 1) complexity, 2) interdisciplinarity or transdisciplinarity, 3) sustainability, 4) participation, 5) tradeoffs and 6) holism. As the selection and analysis work was completed solely by the first author there may have been both selection and observation bias present in this process. Furthermore the total of 43 articles is a limited sample size compared to the number of articles that exist relating to landscapes and landscape approaches. This set of 43 articles therefore represents a select set of articles with an emphasis on conceptual frameworks and guidelines for taking a landscape approach in complex social-ecological systems.
